E4bp4 regulates carboxylesterase 2 enzymes through repression of the nuclear receptor Rev-erbα in mice.
Carboxylesterases (CES) are a family of phase I enzymes that play an important role in xenobiotic clearance and lipid metabolism. Here, we investigate a potential role of E4 promoter-binding protein 4 (E4bp4) in regulation of Ces and CPT-11 (irinotecan, a first-line drug for treating colorectal cancer) pharmacokinetics in mice. Mouse hepatoma Hepa-1c1c7 cells were transfected with Rev-erbα expression plasmid or siRNA targeting E4bp4. The relative mRNA and protein levels of Ces enzymes in the cells or the livers of wild-type and E4bp4-deficient (E4bp4-/-) mice were determined by qPCR and Western blotting, respectively. Transcriptional regulation of Ces by E4bp4/Rev-erbα were investigated using luciferase reporter, mobility shift, and co-immunoprecipitation (Co-IP) assays. Pharmacokinetic studies were performed with wild-type and E4bp4-/- mice after intraperitoneal injection of CPT-11. E4bp4 ablation down-regulated an array of hepatic Ces genes in mice. E4bp4-/- mice also showed reduced Ces-mediated metabolism and elevated systemic exposure of CPT-11, a well-known Ces substrate. Consistently, E4bp4 knockdown reduced the expression of Ces genes (Ces2b, Ces2e and Ces2f) in Hepa-1c1c7 cells. Furthermore, Rev-erbα repressed the transcription of Ces2b, whereas E4bp4 antagonized this repressive action. Co-IP experiment confirmed a direct interaction between E4bp4 and Rev-erbα. Through a combination of promoter analysis and mobility shift assays, we demonstrated that Rev-erbα trans-repressed Ces (Ces2b) through its specific binding to the -767 to-754 bp promoter region. In conclusion, E4bp4 regulates Ces enzymes through inhibition of the transrepression activity of Rev-erbα, thereby impacting the metabolism and pharmacokinetics of Ces substrates.